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INTRODUCTION

This open-file report makes available raw analytical data from laboratory procedures
completed to determine the age of rock samples collected during geologic investigations
funded or partially supported by the Utah Geological Survey (UGS). The references
listed in table 1 generally provide additional information such as sample location,
geologic setting, and significance or interpretation of the samples in the context of the
area where they were collected. This report was prepared by the Nevada Isotope
Geochronology Laboratory (NIGL) under contract to the UGS. These data are highly
technical in nature and proper interpretation requires considerable training in the
applicable geochronologic techniques.

Table 1. Sample numbers and locations.

UTM Easting UTM Northing
Sample # 7.5' quadrangle NAD27 NAD27 Reference
D-48 Tabbys Peak 0332246 4476004 Clark and others,
in review; Clark
and others, in
prep.
RV-24 Mercur 0396473 4462674 Clark and others,
in review
RV-30 Stockton 0387157 4478428 Clark and others,
in review
Latitude (N) NAD27  Longitude (W)
NAD27
GC110309-2 Gooseberry Creek  38.754° 111.680° Doelling and
Kuehne, in prep.
HMO071809-2 Haycock Mountain ~ 37.70590° 112.55220° Biek and others,
in prep.
HMO071809-4 Haycock Mountain ~ 37.70661° 112.55019° Biek and others,
in prep.

DISCLAIMER

This open-file release is intended as a data repository for information gathered in support
of various UGS projects. The data are presented as received from the NIGL and do not
necessarily conform to UGS technical, editorial, or policy standards; this should be
considered by an individual or group planning to take action based on the contents of this
report. The Utah Department of Natural Resources, Utah Geological Survey, makes no
warranty, expressed or implied, regarding the suitability of this product for a particular
use. The Utah Department of Natural Resources, Utah Geological Survey, shall not be
liable under any circumstances for any direct, indirect, special, incidental, or
consequential damages with respect to claims by users of this product.
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LABORATORY DESCRIPTION AND PROCEDURES

Samples analyzed by the *°Ar/*” Ar method at the University of Nevada Las Vegas
were wrapped in Al foil and stacked in 6 mm inside diameter sealed fused silica tubes.
Individual packets averaged 3 mm thick and neutron fluence monitors (FC-2, Fish
Canyon Tuff sanidine) were placed every 5-10 mm along the tube. Synthetic K-glass and
optical grade CaF, were included in the irradiation packages to monitor neutron induced
argon interferences from K and Ca. Loaded tubes were packed in an Al container for
irradiation. Samples irradiated at the U. S. Geological Survey TRIGA Reactor, Denver,
CO were in-core for 28 hours in the In-Core Irradiation Tube (ICIT) of the 1 MW TRIGA
type reactor. Correction factors for interfering neutron reactions on K and Ca were
determined by repeated analysis of K-glass and CaF, fragments. Measured (**Ar/*’Ar)x
values were 6.42 (+ 24.60%) x 10”. Ca correction factors were (*°Ar/*’ Ar)c, = 2.57 (+
3.19%) x 10 and (PAr/’Ar)ca = 6.50 (£ 1.42%) x 10™. J factors were determined by
fusion of 4-8 individual crystals of neutron fluence monitors which gave reproducibility’s
0f 0.02% to 0.46 at each standard position. Variation in neutron fluence along the 100
mm length of the irradiation tubes was <4%. Matlab curve fit was used to determine J
and uncertainty in J at each standard position. No significant neutron fluence gradients
were present within individual packets of crystals as indicated by the excellent
reproducibility of the single crystal fluence monitor fusions.

Irradiated FC-2 sanidine standards together with CaF, and K-glass fragments
were placed in a Cu sample tray in a high vacuum extraction line and were fused using a
20 W CO; laser. Sample viewing during laser fusion was by a video camera system and
positioning was via a motorized sample stage. Samples analyzed by the furnace step
heating method utilized a double vacuum resistance furnace similar to the Staudacher et
al. (1978) design. Reactive gases were removed by three GP-50 SAES getters prior to
being admitted to a MAP 215-50 mass spectrometer by expansion. The relative volumes
of the extraction line and mass spectrometer allow 80% of the gas to be admitted to the
mass spectrometer for laser fusion analyses and 76% for furnace heating analyses. Peak
intensities were measured using a Balzers electron multiplier by peak hopping through 7
cycles; initial peak heights were determined by linear regression to the time of gas
admission. Mass spectrometer discrimination and sensitivity was monitored by repeated
analysis of atmospheric argon aliquots from an on-line pipette system. Measured
*Ar/*°Ar ratios were 282.56 = 0.55% during this work, thus a discrimination correction
of 1.0458 (4 AMU) was applied to measured isotope ratios. The sensitivity of the mass
spectrometer was ~6 x 10" mol mV™' with the multiplier operated at a gain of 36 over
the Faraday. Line blanks averaged 3.05 mV for mass 40 and 0.02 mV for mass 36 for
laser fusion analyses and 3.82 mV for mass 40 and 0.02 mV for mass 36 for furnace
heating analyses. Discrimination, sensitivity, and blanks were relatively constant over
the period of data collection. Computer automated operation of the sample stage, laser,
extraction line and mass spectrometer as well as final data reduction and age calculations
were done using LabSPEC software written by B. Idleman (Lehigh University). An age
of 28.02 Ma (Renne et al., 1998) was used for the Fish Canyon Tuff sanidine fluence
monitor in calculating ages for samples.

For 40Ar/3%Ar analyses a plateau segment consists of 3 or more contiguous gas
fractions having analytically indistinguishable ages (i.e. all plateau steps overlap in age at



+ 20 analytical error) and comprising a significant portion of the total gas released
(typically >50%). Total gas (integrated) ages are calculated by weighting by the amount
of 39Ar released, whereas plateau ages are weighted by the inverse of the variance. For
each sample inverse isochron diagrams are examined to check for the effects of excess
argon. Reliable isochrons are based on the MSWD criteria of Wendt and Carl (1991)
and, as for plateaus, must comprise contiguous steps and a significant fraction of the total
gas released. All analytical data are reported at the confidence level of 10 (standard
deviation).

Note: Check your samples data sheets for the discrimination, and fluence monitor values
used for each sample.

RESULTS

General Comments

Your samples were run as conventional furnace step heating analyses on bulk
groundmass or biotite separates, as well as single crystal laser fusion analyses on
sanidine. All data are reported at the 16 uncertainty level, unless noted otherwise.

Furnace step heating analyses produce what is referred to as an apparent age
spectrum. The "apparent" derives from the fact that ages on an age spectrum plot are
calculated assuming that the non-radiogenic argon (often referred to as trapped, or initial
argon) is atmospheric in isotopic composition (*0Ar/3°Ar = 295.5). If there is excess
argon in the sample (*0Ar/3Ar > 295.5) then these apparent ages will be older than the
actual age of the sample. U-shaped age spectra are commonly associated with excess
argon (the first few and final few steps often have lower radiogenic yields, thus apparent
ages calculated for these steps are effected more by any excess argon present). Excess
argon can also produce generally discordant age spectra. This is often verified by
isochron analysis, which utilizes the analytical data generated during the step heating run,
but makes no assumption regarding the composition of the non-radiogenic argon. Thus,
isochrons can verify (or rule out) excess argon, and isochron ages are usually preferred if
a statistically valid regression is obtained (as evidenced by the MSWD, mean square of
weighted deviates, a measure of the coherence of the population). If such a sample yields
no reliable isochron, the best estimate of the age is that the minimum on the age spectrum
is a maximum age for the sample (it could be affected by excess argon, the extent
depending on the radiogenic yield). 40Ar/3%Ar total gas ages are equivalent to K/Ar ages.
Plateau ages are sometimes found, these are simply a segment of the age spectrum which
consists of 3 or more steps, comprising >50% of the total gas released, which overlap in
age at the =20 analytical error level (not including the J-factor error, which is common
to all steps). However, in general an isochron age is the best estimate of the age of a
sample, even if a plateau age is obtained.

Laser fusion analyses allow the identification of juvenile phenocryst populations
(which should yield the eruption age) as well as any older contaminating xenocrysts, or
younger altered crystals. Data sets are screened for anomalous older (or younger) outliers
by standard statistical methods. A weighted mean is calculated, and the MSWD is
checked. Outliers in the data set which contribute to the MSWD are identified and



eliminated sequentially until the MSWD falls below the cutoff value, based on the criteria
of Wendt and Carl (1991). Data are also regressed on an isochron plot. As for step
heating data, isochrons are generally preferred for age calculation.

D-48 Sanidine

This sample produced a set of 21 laser fusion ages on single sanidine crystals, 20
of which define a statistically coherent population with one distinctly older outlier. The
mean age of all 21 analyses is 39.16 + 0.30 Ma, and the weighted mean of 20 analyses is
indistinguishable at 39.12 = 0.04 Ma. Seventeen of the analyses define an isochron age
0f 39.18 = 0.06 Ma, and suggest a small amount of excess argon is present, as the
“Ar/*°Ar intercept is 303.4 = 1.4, slightly higher than the atmospheric value of 295.5.
Note that all 3 methods of calculating an age agree within 16 uncertainty. All of the
analyses have consistent Ca/K ratios and high radiogenic yields (% Ar*), indicating a
chemically homogeneous population of crystals that are unaltered. Generally the
isochron age is recommended if one is obtained, although in this case either the isochron
or the weighted mean age should be reliable. This is because, although a small amount of
excess argon is indicated by the isochron, it clearly is not significant since the isochron
and the ages calculated based on apparent ages (mean and weighted mean) are not
statistically distinguishable.

GC110309-2 Andesite Groundmass

This sample produced a consistent and easily interpreted data set. The age
spectrum is characterized by a low-age first step (~22 Ma) followed by ages which
decrease from step 2 (27 Ma) to consistent ages of ~26 Ma for the final ~80% >°Ar
released. The total gas age, which is equivalent to a conventional K/Ar age, is 25.87 =
0.13 Ma. Steps 7-11 (53% of the **Ar released) define an indistinguishable plateau age
of 25.77 = 0.14 Ma. Steps 7-10 (50% of the *°Ar released) define a statistically valid
isochron age of 25.86 = 0.16 Ma, and the initial OAr/°Ar=278 = 31, indistinguishable
from the atmospheric value of 295.5. Ca/K ratios are similar (with the exception of the
first and last steps) and radiogenic yields are high for this material, indicating a
homogeneous sample that has not undergone recent alteration. Note that all of these ages
overlap within 1o analytical uncertainty. Also, note that, although the isochron is valid, it
is defined by only 4 points all of which are very close together near the x-axis. For this
reason, and the lack of evidence for excess argon, I would recommend using the plateau
age for this sample.

HM071809-2 Sanidine

This sample produced a set of 21 laser fusion ages on single sanidine crystals, all
of which define a statistically coherent data set. The mean age of all 21 analyses is 35.04
+ 0.23 Ma, and the weighted mean of these same analyses is identical at 35.04 = 0.05 Ma.
Fifteen analyses define a statistically valid isochron, which yields an age of 34.96 = 0.11
Ma, and an initial **Ar/*°Ar = 306 = 9, indistinguishable from atmospheric argon. All
analyses have consistent Ca/K ratios and high radiogenic yields, indicating a chemically



homogeneous, unaltered population of analyzed crystals. As for D-48 sanidine discussed
above, either the weighted mean or the isochron ages are acceptable for this sample.

HM071809-4 Sanidine

This sample produced an ideal, “textbook™ example data set. Eighteen laser
fusion ages on single sanidine crystals all define a statistically coherent data set with no
outliers, and all three methods of age calculation yield the exact same age. The mean age
of all 18 analyses is 33.80 = 0.14 Ma, and the weighted mean of these same analyses is
identical at 33.80 = 0.05 Ma. All 18 analyses yield a well defined, statistically valid
isochron, which yields an age of 33.80 = 0.08 Ma, and an initial **Ar/*°Ar =298.5 = 3.5,
indistinguishable from atmospheric argon. All analyses have consistent Ca/K ratios and
reasonably high radiogenic yields, indicating a chemically homogeneous, unaltered
population of analyzed crystals. Given identical ages via all three calculation methods,
and no evidence for excess argon, either the weighted mean or isochron ages are
acceptable.

RV-24 Biotite

This sample also produced a consistent and easily interpreted data set. The age
spectrum is generally flat and concordant (with the exception of slightly younger ages in
the first 2 steps, which comprise <4% of the gas released). The total gas age is 32.37 =
0.18 Ma. Steps 7-12 (69% of the **Ar released) define an indistinguishable plateau age
0f32.34 £ 0.19 Ma. The same steps yield an isochron age of 32.38 = (.10 Ma, and an
initial *°’Ar/*°Ar = 293.2 = 2.3, thus indicating no excess argon is present in the sample.
Ca/K ratios are somewhat variable, with values generally consistent with outgassing of
biotite, except for the first two and last two steps (combined <6% of the gas released).
This suggests some relatively minor higher Ca phases degassing early and late in the step
heating run. Radiogenic yields are correlated, with more consistently high yields for the
low Ca/K steps, corresponding to biotite outgassing. The isochron age should be
considered the most reliable for this sample.

RV-30 Sanidine

This sample produced a set of 26 laser fusion ages on single sanidine crystals, 18
of which define a statistically coherent data set, with both younger and older outliers.
The mean age of all analyses is 40.3 = 2.3 Ma. Eighteen of these yield a concordant
population, with a slightly older, but statistically indistinguishable, weighted mean age of
41.06 = 0.21 Ma. There is no isochron age defined by these data. Note that Ca/K ratios
and radiogenic yields are distinctly more variable for these analyses when compared to
the laser fusion data sets discussed above. There is no clear correlation between age and
Ca/K ratio. However, there is a rough correlation between age and radiogenic yield, in
which lower % Ar* is broadly related to younger ages. This may indicate some
alteration and loss of radiogenic argon from the younger age crystals. One analysis is
distinctly older, and may represent a xenocryst. The weighted mean age should be
considered the most reliable for this sample.



The interpretations given above are based simply on inspection of the laboratory
data. Geologic relationships, which are unknown to us, are not considered. Please feel
free to call or email (best way to contact me terry.spell@unlv.edu) if you have questions.
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APPENDIX

Analytical data for samples D-48 sanidine, GC110309-2 andesite groundmass, HM071809-2
sanidine, HM071809-4 sanidine, RV-24 biotite, RV-30 sanidine
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